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Objective  To evaluate the clinical usefulness of the Korean Developmental Screening Test (K-DST) via comparison 
with Korean Ages and Stages Questionnaire (K-ASQ) for the diagnosis of developmental delay in pediatric patients.
Methods  The K-DST and K-ASQ were used to screen pediatric patients who visited the hospital for evaluation 
and diagnosis of delayed development. Korean Bayley Scales of Infant Development-II (K-BSID-II) or Korean 
Wechsler Preschool and Primary Scale of Intelligence III (K-WPPSI-III) were used for the standardized assessment. 
Moreover, the final clinical diagnosis was confirmed by three expert physicians (rehabilitation doctor, psychiatrist, 
and neurologist). The sensitivity and specificity of each screening tool for the final diagnosis were investigated and 
correlated with standardized assessments.
Results  A total of 145 pediatric consultations were conducted, which included 123 developmental disorders (40 
autism spectrum disorders, 46 global developmental delay/intellectual disability, and 37 developmental language 
disorders) and another 22 that were not associated with any such disorders. The sensitivity and specificity of 
K-DST based on the final clinical diagnosis were 82.9% and 90.9%, respectively, which were not significantly 
different from that of K-ASQ (83.7% and 77.3%). Both K-DST and K-ASQ showed good correlation with K-BSID-II 
and K-WPPSI-III. No significant difference was found between the K-DST and K-ASQ measures.
Conclusion  K-DST is an excellent screening tool and is expected to replace K-ASQ with high validity.
Keywords  Developmental disabilities, Intellectual disability, Motor skills disorders, Autism spectrum disorder, 
Communication disorders
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INTRODUCTION
Developmental disability refers to decreased physi-
cal, psychological, cognitive, or linguistic abilities de-
tected in early childhood. Developmental disability has 
a 5%–10% prevalence and is generally associated with 
conditions such as cerebral palsy, intellectual disability, 
learning disorder, attention deficit hyperactivity disorder, 
and autistic spectrum disorder (ASD) [1]. As infants and 
children should go through timely developmental mile-
stones, early detection of developmental disabilities is 
critical for appropriate interventions [2,3]. 
The Korean Ages and Stages Questionnaire (K-ASQ) 
and Denver Developmental Screening Test II (DDST-II) 
were selected for use in the initial screening of develop-
mental delays. However, the DDST-II is not appropriate 
in an outpatient clinic because of the need for a skilled 
examiner and extended duration. Although K-ASQ can 
be easily administered in an outpatient setting or via a 
phone interview, it is associated with several challenges 
because it was developed in a different cultural back-
ground and regardless of age [4,5]. Under sponsorship 
from the Ministry of Health and Welfare and the Korea 
Centers for Disease Control and Prevention, the Korean 
Developmental Screening Test (K-DST) for infants and 
children was developed between 2011 and 2014 by the 
Korean Society of Pediatric Rehabilitation and Devel-
opmental Medicine and the Korean Academy of Child 
and Adolescent Psychiatry [6]. K-DST is a screening tool 
completed by caregivers and is indicated for infants and 
children between the ages of 4 months and 71 months. 
Unlike K-ASQ, K-DST is not associated with age restric-
tions and is more appropriate for the Korean public, as it 
was developed and standardized for Korean infants and 
children. Although it was reported that K-DST has out-
standing reliability and validity and clinical significance 
[6-8], it has never been directly compared with K-ASQ. 
In this study, the caregiver reports involving K-ASQ and 
K-DST were compared to determine the relevance of K-
DST as a screening tool for developmental disabilities in 
the Korean pediatric population. 
MATERIALS AND METHODS
Study population
From April 2010 to November 2011, outpatients who 
visited the Developmental Delay Clinic of National 
Health Insurance Service Ilsan Hospital for evaluation or 
diagnosis of delayed development were selected as par-
ticipants. As K-DST can be used in infants and children 
between the ages of 4 months and 71 months, outpa-
tients in this age range were selected to participate in this 
study. 
Study design
The collected data of the retrospective study include K-
ASQ, K-DST, the Korean Bayley Scales of Infant Develop-
ment-II (K-BSID-II), and the Korean Wechsler Preschool 
and Primary Scale of Intelligence III (K-WPPSI-III). The 
caregivers of the participants were asked to fill out both 
K-DST and K-ASQ documents. K-BSID-II or K-WPPSI-III 
were used as standardized assessments in specific cases 
as needed and conducted by three skilled psychothera-
pists. According to the opinions of the three expert clini-
cians (pediatric rehabilitation doctor, pediatric psychia-
trist, and pediatric neurologist), the clinical diagnosis 
was confirmed based on clinical manifestations and a 
Table 1. Demographic characteristics of the study group 
(n=145)
Characteristic Value
Age (mo) 39.1±16.4
   4–6 8
   9–12 10
   18–24 20
   30–36 39
   42–48 38
   54–60 24
   66–71 6
Sex
   Male 100 (69)
   Female 45 (31)
Disease group
   ASD 40
   GDD/ID 46
   DLS 37
Values are presented as mean±standard deviation or 
number (%).
ASD, autistic spectrum disorder; GDD/ID, global devel-
opmental delay/intellectual disability; DLD, develop-
mental language disorder.
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battery of neuropsychiatric tests. As specific disabilities 
show delays only in specific areas [9], the participants 
were largely categorized into ASD, global developmental 
delay/intellectual disability (GDD/ID), and developmen-
tal language disorder (DLD) groups.
K-DST is composed of six domains (gross motor, fine 
motor, cognition, language, sociality, and self-care), 
and each domain consists of eight questions. The self-
care category is only applicable to participants aged 18 
months or older. Each question was scored on a scale of 
0–3 and each domain had a maximum attainable score 
of 24 points. Based on the previously analyzed standard 
deviation scores, the scores above 1 standard deviation 
(SD) were defined as ‘advanced development’, between 
-1 and 1 SD as ‘appropriate for age’, between -2 and -1 SD 
as ‘follow-up needed’, and below -2 SD as ‘further testing 
needed’. In this study, scores below -2 SD were classified 
as ‘abnormal’. 
K-ASQ is composed of five domains (communication, 
gross motor, fine motor, problem-solving, and personal-
social), and each domain included six questions. For 
each question, the answer of ‘yes’ was equivalent to 10 
points, ‘sometimes’ was 5 points, and ‘no’ was 0 points. 
The maximum attainable score for each domain is 60 
points. Unlike K-DST, whose results are subdivided into 
several categories according to variation from the norm, 
the K-ASQ scores below a determined cutoff are consid-
ered ‘abnormal’. If participants scored ‘abnormal’ values 
in at least one domain of each screening test, they were 
considered to have failed each test.
The study was approved by the Institutional Review 
Board of National Health Insurance Service Ilsan Hospi-
tal (No. 2017-04-037).
Statistical analysis
Based on the final diagnosis made by expert clinicians, 
sensitivity, specificity, positive predictive value, negative 
predictive value, and accuracy of diagnosis of develop-
mental delay in each screening tool were analyzed. 
The K-DST and K-ASQ scores were converted to per-
centages, and correlated with K-BSID-II and K-WPPSI-III 
scores using Pearson correlation to determine the de-
velopmental status based on the two screening tests. In 
the K-BSID, the mental and psychomotor development 
quotients were determined via correlation of the values 
obtained by dividing the calculated mental and psycho-
motor age by the actual age and multiplying by 100. As 
many children had unspecified scores under ‘50’, their 
mental and psychomotor development indices were not 
available. Moreover, in the K-WPPSI-III, the total, verbal, 
and performance intelligence quotients were used for 
correlation. The SPSS version 20.0 (IBM, Armonk, NY, 
USA) was used for all analysis. 
Table 2. Sensitivity, specificity, and accuracy of K-ASQ and K-DST 
K-DST K-ASQ
p-valuea
Abnormal Normal Abnormal Normal
Disease group (n=123) 102 21 103 20
   ASD (n=40) 38 2 35 5
   GDD/ID (n=46) 41 5 41 5
   DLD (n=37) 23 14 27 10
Typically developing group (n=22) 2 20 5 17
Sensitivity (%) 82.9 (76.3–89.6) 83.7 (77.2–90.3) 0.7629
Specificity (%) 90.9 (78.9–100.0) 77.3 (59.8–94.8) 0.1615
PPV (%) 98.1 (95.4–100.0) 95.4 (91.4–99.3) 0.1804
NPV (%) 48.8 (33.5–64.1) 45.9 (29.9–62.0) 0.5734
Accuracy (%) 84.1 (78.2–90.1) 82.8 (76.6–88.9) 0.6168
Values are presented as number or 95% confidence interval.
K-DST, Korean Developmental Screening Test; K-ASQ, Korean Ages and Stages Questionnaire; ASD, autistic spectrum 
disorder; GDD/ID, global developmental delay/intellectual disability; DLD, developmental language disorder; PPV, 
positive predictive value; NPV, negative predictive value.
aBetween K-DST and K-ASQ.
Clinical Usefulness of K-DST
493www.e-arm.org
RESULTS
Patient characteristics
A total of 145 children (including 100 males) partici-
pated in this study. The participants’ mean age was 
39.1±16.4 months. Developmental delay was finally diag-
nosed in 123 children, who included 40 diagnosed with 
ASD, 46 with GDD/ID, and another 37 with DLD (Table 1). 
Fifty-five participants were tested using K-BSID-II and 38 
using K-WPPSI-III. 
Sensitivities, specificities, and accuracies of K-DST and 
K-ASQ based on final clinical diagnosis
The sensitivity and specificity of K-DST were 82.9% 
and 90.9%, respectively. The sensitivity and specificity 
of K-ASQ based on final clinical diagnosis were 83.7% 
and 77.3%, respectively. In the group with disorders, 102 
participants were classified as abnormal in K-DST while 
103 were classified as abnormal in K-ASQ. In the typically 
developing group, 20 participants were normal in K-DST 
and 17 were normal in K-ASQ. No statistical difference 
between K-DST and K-ASQ was found in terms of sensi-
tivities, specificities, positive predictive values, negative 
Table 3. Correlation between K-DST and K-BSID-II/K-WPPSI-III (Pearson correlation)
Domains of  
K-DST
K-BSID-II (n=55) K-WPPSI-III (n=38)
MDQ PDQ TIQ VIQ PIQ
r p-value r p-value r p-value r p-value r p-value
Gross motor 0.440 0.001 0.605 <0.001 0.083 0.618 0.010 0.954 0.217 0.191
Fine motor 0.478 <0.001 0.423 0.001 0.608 <0.001 0.578 <0.001 0.601 <0.001
Cognition 0.401 0.002 0.284 0.036 0.658 <0.001 0.642 <0.001 0.604 <0.001
Language 0.466 <0.001 0.261 0.055 0.589 <0.001 0.628 <0.001 0.498 0.001
Sociality 0.626 <0.001 0.488 <0.001 0.292 0.076 0.332 0.042 0.286 0.082
Self-care 0.336 0.014 0.352 0.010 0.216 0.193 0.132 0.429 0.341 0.036
Numbers of 
abnormalities
-0.656 <0.001 -0.601 <0.001 -0.479 0.002 -0.491 0.002 -0.461 0.004
K-DST, Korean Developmental Screening Test; K-BSID-II, Korean version of Bayley Scales of Infant Development-II; 
MDQ, metal development quotient; PDQ, psychomotor development quotient; K-WPPSI-III, Korean–Wechsler Pre-
school and Primary Scale of Intelligence-III; TIQ, total intelligence quotient; VIQ, verbal intelligence quotient; PIQ, 
performance intelligence quotient. 
Table 4. Correlation between K-ASQ and K-BSID-II/K-WPPSI-III (Pearson correlation)
Domains of  
K-ASQ
K-BSID-II (n=55) K-WPPSI-III (n=38)
MDQ PDQ TIQ VIQ PIQ
r p-value r p-value r p-value r p-value r p-value
Gross motor 0.398 0.003 0.538 <0.001 0.031 0.852 -0.045 0.789 0.117 0.483
Fine motor 0.459 <0.001 0.524 <0.001 0.413 0.010 0.422 0.008 0.427 0.007
Problem solving 0.649 <0.001 0.493 <0.001 0.433 0.007 0.484 0.002 0.410 0.011
Communication 0.435 0.001 0.277 0.041 0.421 0.008 0.449 0.005 0.379 0.019
Personal-social 0.551 <0.001 0.467 <0.001 0.175 0.294 0.193 0.246 0.217 0.190
Numbers of 
abnormalities
-0.685 <0.001 -0.687 <0.001 -0.351 0.031 -0.437 0.006 -0.311 0.058
K-ASQ, Korean Ages and Stages Questionnaire; K-BSID-II, Korean version of Bayley Scales of Infant Development-II; 
MDQ, metal development quotient; PDQ, psychomotor development quotient; K-WPPSI-III, Korean–Wechsler Pre-
school and Primary Scale of Intelligence-III; TIQ, total intelligence quotient; VIQ, verbal intelligence quotient; PIQ, 
performance intelligence quotient.
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predictive values, or accuracies (Table 2). 
Correlation between screening tools and K-BSID-II and 
K-WPPSI-III
Generally, both K-DST and K-ASQ showed moderate 
positive correlation with K-BSID-II (Tables 3, 4). The two 
screening tools also had higher correlation coefficients 
in K-WPPSI-III than in K-BSID-II. In terms of gross motor 
dysfunctions, both K-DST and K-ASQ showed a moderate 
positive correlation with K-BSID-II; however, no correla-
tion was observed between total intelligence quotient 
and verbal intelligence quotient of K-WPPSI-III. The 
sociability domain in K-DST and the personal-social do-
mains of K-ASQ also showed a weak correlation with K-
WPPSI-III. The self-care domain of K-DST showed a weak 
correlation with K-WPPSI-III.
Comparison between K-DST and K-ASQ
On average, K-DST and K-ASQ showed a positive cor-
relation with both K-BSID-II and K-WPPSI-III. The value 
of correlation coefficient between K-ASQ and K-BSID-II 
was higher than that of K-BSID-II with K-DST. However, 
the findings were not statistically significant (Table 5). 
DISCUSSION
Although several screening tools were developed to 
evaluate developmental disability, they were not appro-
priate for use in actual clinical settings. DDST-II requires 
a long time to administer, and is hard to administer to 
all infants and children in the Korean medical environ-
ment. Additionally, as DDST-II is not based on a scoring 
system, it has poor selection accuracy [10]. K-ASQ, which 
was a substitute for DDST-II, was widely used abroad 
prior to the introduction of K-DST. K-ASQ was devel-
oped based on ASQ-II, which was designed in the United 
States in 1980, and was revised for use in Korea. K-ASQ 
encompasses 30 simple questions to be answered by the 
caregivers [10]. Unlike DDST-II that requires experts to 
administer, K-ASQ can be easily used by anyone in a rela-
tively short time. Furthermore, it is useful for follow-ups 
in different age ranges. However, it was disputed whether 
the screening tool developed in the United States was 
reliable for use in infants or children growing up in a dif-
ferent cultural environment. Other studies have reported 
large discrepancies in reliabilities under different age 
ranges and the inaccurate definition of ‘problem-solving’ 
and ‘personal-social’ [11-13].
K-DST encompasses the health examination age range 
(4–71 months) and evaluates six areas of development 
(gross motor, fine motor, cognition, language, sociality, 
and self-care). Compared with DDST-II and K-ASQ, it is 
more segmented and interprets the results at four differ-
ent levels (advanced development, age-appropriateness, 
need for follow-up, and need for further testing). Com-
pared with prior screening tools, K-DST facilitates a more 
comprehensive developmental evaluation [6].
To our knowledge, this is the first study to directly 
compare K-DST and K-ASQ. One of the biggest differ-
ences between K-DST and K-ASQ was the fact that K-ASQ 
showed results as ‘normal’ and ‘abnormal’ while K-DST 
defined below -2 SD as ‘abnormal’ and scores between 
-1 SD and -2 SD as ‘borderline’ for later follow-up. In the 
K-DST, if the cutoff was adjusted from -2 SD to -1 SD, ad-
ditional 29 pediatric cases were included under the ‘fail’ 
group. In the disorder group, only two of the 123 partici-
pants passed the K-DST. However, in the typically devel-
oping group, 12 subjects failed the K-DST. Additionally, 
Table 5. Correlation between K-DST/K-ASQ average and K-BSID-II/K-WPPSI-III (Pearson correlation)
K-BSID-II (n=55) K-WPPSI-III (n=38)
MDQ PDQ TIQ VIQ PIQ
r p-value r p-value r p-value r p-value r p-value
Average of K-DST 0.576*** 0.8344 0.515*** 0.9662 0.5879** 0.7441 0.5665** 0.8687 0.5959*** 0.7788
Average of K-ASQ 0.617*** 0.575*** 0.4586* 0.4703* 0.4749*
K-DST, Korean Developmental Screening Test; K-ASQ, Korean Ages and Stages Questionnaire; K-BSID-II, Korean ver-
sion of Bayley Scales of Infant Development-II; MDQ, metal development quotient; PDQ, psychomotor development 
quotient; K-WPPSI-III, Korean–Wechsler Preschool and Primary Scale of Intelligence-III; TIQ, total intelligence quo-
tient; VIQ, verbal intelligence quotient; PIQ, performance intelligence quotient.
*p<0.05, **p<0.001, ***p<0.0001 (comparison K-DST and K-ASQ).
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with similar adjustment in SD, the sensitivity increased 
from 82.9% to 98.4%. However, the specificity was 45.5%, 
which was significantly lower than the previous 90.9% 
when the cutoff was -2 SD. Specificity indicates the likeli-
hood of correctly excluding disease in the typically devel-
oping individual; a low specificity increases the medical 
cost as it exposes normal individuals to unnecessary test-
ing. Participants scoring from -1 SD to -2 SD on K-DST 
were further investigated. 
When participants suspected of developmental disabil-
ity were confirmed using K-DST and K-ASQ, no signifi-
cant differences in sensitivities and specificities were ob-
served. Moreover, both scales showed a high correlation 
with the standardized reference scales, K-BSID-II and K-
WPPSI-III. Additionally, both K-DST and K-ASQ showed 
high sensitivity and specificity, which indicated their 
acceptability as screening tools for the evaluation of de-
velopmental delay. Based on a comprehensive diagnosis, 
in the DLD group, the sensitivity of the screening tools 
was relatively low compared with ASD and GDD/ID. In 
patients with DLD, only two passed the K-DST when the 
cutoff expanded to -1 SD, while 14 passed the K-DST with 
-2 SD as the cutoff. Among these additional 12 partici-
pants, 7 were in the borderline category in the language 
domain of K-DST. Among 13 participants with borderline 
criteria in the language domain and none below -2 SD 
in all other domains, only 2 were diagnosed as normal 
(4 participants had GDD/ID and 7 had DLD). In the au-
thors’ experience and opinion, K-DST reflects the status 
of language development relatively well and DLD can be 
easily detected when the cutoff was expanded to -1 SD.
Interestingly, in terms of motor skills, the group with 
delayed gross motor skills showed a high proportion of 
abnormalities whereas the group with delayed fine mo-
tor skills had a low proportion of abnormalities. This 
observation may be explained by the gross motor skills, 
which developed before fine motor skills. As fine motor 
skills take longer to mature and are relatively more dif-
ficult to acquire than gross motor skills, it is possible that 
accurate measurements were not obtained in this study. 
Hence, borderline participants are more likely to be con-
sidered as normal in the future. However, the borderline 
group only included 29 participants who met the criteria. 
Hence, further investigation is necessary.
The strength of this study is that experienced experts 
provided accurate clinical diagnoses. However, this 
study had several limitations. First, the sample included 
a limited number of children. Second, the size of the 
typically developing group was especially smaller than 
the group with disorders, which might suggest limited 
generalizability. Furthermore, the age distribution was 
not uniform across each delayed disorder because of the 
small sample size. Therefore, a further large-scale study 
is needed to address these limitations. 
In conclusion, K-DST is a reliable screening tool with 
mutually correlated results compared with K-BSID-II and 
K-WPPSI-III. Therefore, the K-DST may be used to re-
place K-ASQ. 
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